This paper explores deep into the effects of mineral admixtures, e.g. ultrafine ground granulated blast-furnace slag (UFGGBFS) and copper slag (CPS), on ambient cured geopolymer concrete (GPC). First, a GPC was prepared from mineral admixtures like the UFGGBFS, fly ash and the CPS, and alkali activators like sodium hydroxide (NaOH) and sodium silicate (Na2SiO3). Then, 10M, 12M and 14M GPC samples were created, with UFGGBFS content of 0%, 5%, 10% and 15%, respectively. These samples were subjected to compressive strength tests, rapid chloride permeability test (RCPT), X-ray diffractometry (XRD) and scanning electron microscopy (SEM). The results show that the GPC samples achieved good compressive strength after 56 days of ambient curing; with the increase of the UFGGBFS content, the porosities and RCPT values of the samples decreased after 180 days of ambient curing; the samples with different mix ratios all showed good performance with the growth in molar concentration. The research results shed new light on the development of eco-friendly alternatives to cementitious GPC.
INTRODUCTION
An increase in population growth increases infrastructure which leads to an increased quantity of construction material. One of the important binding materials in concrete is cement, usage of cement is increasing abundantly. Harmful gases which are released during the production of cement are the main reason for the greenhouse effect [1] . CO2 emission may reach 50% in the year 2020 [2] . To overcome these issues researchers have worked on alternate binding material, one such material which has come to light is Geopolymer Concrete (GPC). The usage of alkali-activated concrete reduces the CO2 emission along with good mechanical strength and stability during harsh environment [3, 4] . Mechanical properties of Alkali activated cementitious materials were compared to be good than Portland cement and performance was found to be good in the chemical and acid attack [5] . Wastes from industry such as fly ash, rice husk are effectively utilized [6] . Several works highlight that heat curing improves the strength characteristics of GPC [7] [8] [9] . Applying heat curing in field applications is one of the biggest limitations [10] . Incorporation of Alccofine improved the mechanical properties of GPC at ambient temperature, further strength increases with an increase in NaOH molarity. [11] . From previous studies, it is known that the addition of calcium products improved the strength and microstructure of GPC making it durable [12] [13] [14] . The worldwide quantity of CPS was found to be approximately 24.6 million tonnes per annum [15] . Using of CPS as fine aggregate in GPC improved the strength value when compared to control concrete. Addition of CPS reduces water absorption and porosity of GPC [16] . CPS has wide applications in the manufacturing of glass ceramics, tiles and used as an aggregate in the construction industry and also as mineral admixture [17] [18] [19] [20] . Literature studies have shown that heat curing improves the strength performance of GPC than ambient curing. Porosity, RCPT performance, XRD and SEM morphology are found to be better in GPC. Due to less availability of literature regarding UFGGBFS and CPS based GPC; this work is focused on the grey area of GPC research mainly 56-day compressive strength of GPC subjected to ambient curing, early performance of GPC at 1 day and 7 days were studied by numerous researchers. Experimental results of RCPT and porosity were compared. Large investigations were made on strength and durability characteristics and part of the investigation is made in this paper.
EXPERIMENTAL INVESTIGATION

Materials
Dry fly ash of Class-F obtained from Mettur, India was used in this study and shown their properties in Figure 1 . CPS collected from Thoothukudi, India was used as fine aggregate according to IS: 383-1970 [21] . Figure 2 details the properties of CPS. The uncrushed coarse aggregate of size 12.5 mm with specific gravity 2.83 pertaining to IS: 383-1970 [21] was used. UFGGBFS (Alccofine) a low calcium silicate micro-fine material conforming to [22] was replaced partially with fly ash. Table 1 highlights the properties of UFGGBFS. Locally available alkali activators such as NaOH and Na2SiO3 were procured in order to enhance the geo-polymerization process. Naphthalene sulphonate made Superplasticizer as per IS 9103: 1999 [23] was used to enhance workability. 
Mix proportion and making of GPC
Based on previous work GPC mix proportions were made after doing several trial mixes with and without UFGGBFS [24] [25] [26] . UFGGBFS was restricted to 15%. 10M, 12M and 14M NaOH solutions were prepared 24 hours before mixing, sodium silicate was taken 2.5 times the NaOH solution. UFGGBFS was partially replaced with fly ash. All the different mixes were prepared by mixing the alkaline solution with UFGGBFS, fly ash, CPS and coarse aggregate, 2% of superplasticizer were added for workability purpose. Table 2 shows the mix proportion of GPC. 
Structural characterization techniques
X-ray diffraction characterization was performed (Model: ULTIMA-III, make: Rigaku Corporation Japan) using CuKα as a radiation source with a step size of 0.02 o and the scan range of 30 o to 80 o . From the recorded XRD pattern, the structural behaviors such as the crystallite size effect and phase transformation effect were understood. The microstructures of UFGGBFS and fly ash were taken using a scanning electron microscope (SEM) (Model: EVO 18 ZEISS, USA), the apparent particle size and morphology were studied.
RESULTS AND DISCUSSION
Effect of compressive strength
GPC cube of size 150 mm x 150 mm x 150 mm was cast and tested as per [27] . All the specimens were ambient cured for 56 days. Figure 3 shows the average value obtained for UFGGBFS based GPC. It can be observed from Figure 3 that with rising molarity and UFGGBFS the compressive strength of all mixes after 56 days ambient curing was found to be improving. The average compressive strength of UFGGBFS 0% for 10M, 12M and 14M were found to be 39.31 MPa, 47.59 MPa and 50.66 MPa respectively. An increase in the percentage of UFGGBFS improved the strength performance for all the molar ratios. When comparing 15% replacement of UFGGBFS with fly ash between 10 M and 12M GPC the increased strength percentage was found to be 14.84%, similarly, when comparing 10M and 14M GPC for 15% UFGGBFS and 85% fly ash, increase of the strength percentage was found to be 18.05%. 347 kg/m 3 of fly ash and 61 kg/m 3 of UFGGBFS showed good strength value when compared to other combinations for all the molarity. Incorporation of UFGGBFS with fly ash improves the densification process. Improvement of strength occurs mainly due to the effect of calcium in UFGGBFS and fly ash [11] . The dissolution of silicates occurs mainly due to the amorphous nature of CPS which enriches alkaline activation and results in improvement of its strength [28] . A lot of early age results were examined in previous studies [16, 29] , 56 days ambient cured compressive strength results were examined to check its strength performance. 
Evaluation of voids in GPC
As per ASTM C642 [30] , the volume of pores was evaluated. Disk specimen of 100 mm diameter and 50 mm height was subjected to experimental work after 180 days ambient curing [30] for 10M,12M and 14M GPC. Figure 4 shows the percentage of voids. It can be seen from Figure 4 that GPC made of UFGGBFS, fly ash and CPS plays an essential role in reducing the porosity. When comparing the results of 10M, 12M and 14M GPC volume of voids for UFGGBFS 0% was found to be 9.09%, 9.01% and 8.92% respectively. Percentage of volume of voids for UFGGBFS 15% was found to be 6.62%,6.47% and 6.1% respectively, up to 8.5% reduction of voids is achieved when comparing 10M and 14M GPC. While comparing 10M, 12M and 14M GPC for all GPC combination it indicates that the increase of molarity and UFGGBFS percentage reduces the voids percentage. Lower porosity results in refined structure along with steady stress distribution which attributes to elevated compressive strength [31, 32] . Alkali activation of UFGGBFS results in formation of CASH gel and thus reducing porosity. 
Rapid Chloride Permeability Testing (RCPT)
According to ASTMC1202 standards [33] , Rapid Chloride Permeability Test (RCPT) was conducted on the GPC specimen after 180 days of ambient curing. Figure 5 shows the RCPT results. Figure 6 shows the RCPT Test setup. From Figure 5 it is observed that charges passed were found to be lesser. 10 M of GPC shows slightly higher chloride permeability when compared to 12 M and 14 M, but also, it comes under the low category. As far as 12 M of GPC is considered UFGGBFS 10% and 15% comes under very low category. In the case of 14M GPC chloride permeability was found to very low for the entire specimen. The addition of calcium-based materials enhances the performance of GPC. These results indicate that addition of mineral admixture reduces the chloride ion penetration thereby improving the densification of GPC. GPC placed in very low range indicates the possibility of chloride ion permeability, age of curing decreases the total charge passed indicating good microstructure modification. An increase in calcium reduces the pores [34] . formation of phases in fly ash sample is represented in Figure  7a . The calculated average crystallite size of this SiO2 based composite powder is 288 nm. Figure 7b exhibits the presence of amorphous phase of material, which is non-crystalline in nature and it is indicated by the rambling type of peak without sharpness and it is confirmed as quartz material.
The SEM images of fly ash and UFGGBFS and their distribution plots of the particle sizes are shown in Figure 8a d respectively. The calculated average particle size of fly ash and UFGGBFS powder is 1.07 µm and 3.9 µm respectively. The polydispersity percentage of fly ash and UFGGBFS powder is 10.28% and 34.36% respectively. The mechanical performances of the materials are prominently enhanced by the agglomerated and refined powder particles. The SEM images show that the apparent morphology of SiO2 based fly ash particles. They have the angular unequiaxed surface with a poorly rounded cross-sectional type of morphology. The XRD profiles have shown that the calculated average crystallite sizes of fly ash are in good bonding with the calculated mean particle sizes of the respective composite particles, which are obtained from the SEM microstructures. The SEM images show that the UFGGBFS particles have the combination of angular unequiaxed and equiaxed surfaces with poorly rounded cross-sectional morphology. From the SEM analyses it is inferred that particle size and micro pores of the fly ash and UFGGBFS improves the strength and performance of GPC. Due to its particle size and its fineness when incorporated in GPC it improves its microstructure and makes the concrete impermeable. 10M, 12M and 14M showed reduced porosity and therefore made GPC impermeable. 5) Chloride permeability was found to be in very low range for 14M GPC. Addition of UFGGBFS and CPS in 10M, 12M and 14M GPC showed improved chloride impermeability. 6) RCPT proved that making GPC with UFGGBFS, fly ash and CPS reduces the movement of chloride ions. 7) XRD and SEM analysis proved that addition of mineral admixtures improved the bonding of GPC. 8) Using UFGGBFS, fly ash along with CPS improves the ambient curing and therefore can be used in practical application. 9) Using UFGGBFS, fly ash and CPS is eco-friendly and can be used as an alternative material in the manufacturing of cementitious GPC.
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